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Gene transfer targeting interstitial fibroblasts by the artificial sistent inflammation and repeated injury to the renal
viral envelope-type hemagglutinating virus of Japan liposome interstitium progressively destroy an extensive amount
method. of kidney tissue and, as a result, usually produce a consid-Background. Tubulointerstitial inflammation and fibrosis
erable decrease in renal function [1–4]. In addition, inter-are commonly associated with most human glomerular dis-
stitial fibrosis may be caused by glomerular or vasculareases. The degree of tubulointerstitial damage, rather than the
glomerular injury, could correlate with the degree of renal injury as a secondary event. The mechanisms underlying
functional impairment and accurately predict long-term prog- the progression of renal disease to end-stage renal failure
nosis. In an effort to understand the pathogenesis of the pro- are not well understood; however, some studies reportedgressive interstitial fibrosis, we developed a new strategy of
that the severity of tubulointerstitial damage—not glomer-gene transfer to the interstitial fibroblasts.
ular injury—can accurately correlate the degree of renalMethods. Either fluorescein isothiocyanate (FITC)-labeled
oligodeoxynucleotides (ODNs) or pEBAct-NlacF expression functional impairment and long-term prognosis [5, 6].
vector was introduced into the kidney of normal rats retro- The process of interstitial fibrosis can be viewed as an
gradely via ureter by using the artificial viral envelope (AVE)-
aberrant extension of normal regulatory events operatingtype hemagglutinating virus of Japan (HVJ) liposome method.
in the turnover of cellular components and extracellularResults. FITC-labeled ODNs were accumulated diffusely in
the nuclei of the interstitial cells in the transfected kidney matrix. Interstitial fibroblasts acquire a synthetic pheno-
10 minutes after transfection, and the interstitial cells were type, a so-called myofibroblast, expand their population,
identified as interstitial fibroblasts by immunostaining with and migrate into residential areas of active inflammation
ER-TR7. To examine the gene expression in the interstitium,
[7]. Thereafter, they contribute to the synthesis of extra-pEBAct-NlacF gene-conjugated HVJ liposome was injected
cellular matrix and promote the local fibrogenic process.retrogradely through the ureter, and in consequence, nuclear
b-galactosidase activity was continuously observed in intersti- Thus, the development of a gene transfer technique tar-
tial cells at least two weeks after transfection. geting interstitial fibroblasts is an appropriate strategy
Conclusion. This new strategy of gene transfer to the inter- to understand the pathophysiological role of interstitialstitial fibroblasts is useful for the investigation of the patho-
fibroblasts and to further investigate the process of renalphysiology of tubulointerstitial lesion, and furthermore, it may
fibrosis.be a promising new therapeutic method for the progression of
interstitial fibrosis. In terms of gene transfer into the kidney, we achieved a
gene transfer into the glomeruli by the hemagglutinating
virus of Japan (HVJ) liposome method. Using this inTubulointerstitial fibrosis is the final common pathway
vivo gene transfer technique, we demonstrated that thein the process of human progressive renal diseases. Per-
introduction of the transforming growth factor-b (TGF-b)
gene alone into the glomerulus induced glomerular ma-
1See Editorial by Kon and Ichikawa, p. 2169. trix accumulation [8]. In addition, introduction of anti-
sense oligodeoxynucleotides (ODNs) for TGF-b into theKey words: progressive renal disease, tubulointerstitial inflammation,
fibrosis, gene transfer, lesion. glomeruli suppressed glomerular TGF-b expression and
thereby blocked extracellular matrix deposition in exper-Received for publication August 27, 1998
imental glomerulonephritis [9].and in revised form November 12, 1999
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could target tubular epithelial cells (TECs). Surprisingly, Avanti Polar Lipid Inc., Alabaster, AL, USA), and cho-
lesterol (Sigma) were mixed 16.7:16.7:16.7:10:50 in a mo-the results of the pilot study showed that the fluorescein
isothiocyanate (FITC)-labeled ODNs accumulated in in- lar ratio and dissolved in chloroform at a concentration
of 30 mmol/L. The lipid mixture (15 mmol/500 mL) wasterstitial cells. On the basis of this preliminary observa-
tion, the present study was undertaken to pioneer a strat- transferred to a glass tube and dried as a thin lipid film
by evaporation. Dried lipid was hydrated with 200 mLegy of gene transfer to the interstitial fibroblasts by using
the artificial viral envelope (AVE)-type HVJ liposome of BSS containing 50 mg of ODNs or 200 mg of plasmid
DNA, vortexed vigorously, and sonicated to form lipo-method. This new technique may enable us to examine
the effects of specific molecule in vivo interstitium. More- somes. The liposomes were incubated with purified HVJ
inactivated by ultraviolet irradiation (110 erg/mm2/s) forover, the technique may be an important therapeutic
strategies for interstitial fibrosis. three minutes just before use. The liposome suspensions
(containing 10 mg of lipids) were mixed with HVJ (30,000
hemagglutinating units) in a total volume of 2 mL of
METHODS
BSS. The mixture was incubated at 48C for 10 minutes
Fluorescein isothiocyanate-labeled and gently shaken for 60 minutes at 378C. Free HVJ
oligodeoxynucleotides was removed from the HVJ liposomes by discontinuous
density gradient centrifugation with sucrose. The HVJThe 15 base-long phosphorothioate ODNs labeled
with FITC at the 5’ end (59-FITC-CGAGGGCGGCA liposome suspensions contained approximately 5 mg of
ODNs or 20 mg of plasmid DNA in 300 mL of BSS andTGGG-39) were purchased from Bex (Tokyo, Japan).
The ODNs were deprotected on the column, dried, re- were maintained at 48C.
suspended in balanced salt solution (BSS; 140 mmol/L
Animals and in vivo transfection via ureterNaCl, 5.4 mmol/L KCl, 10 mmol/L Tris-HCl, pH 7.6),
and quantitated by spectrophotometer. To test the possibility of delivering a foreign gene into
renal interstitial cells, we selectively perfused the AVE-
Plasmid DNA type HVJ liposome solution including 5 mg of FITC-
labeled ODNs or 20 mg of pEBAct-NlacF expressionThe pEBc vector was constructed by cloning the ClaI-
NarI fragment of p205 (a kind gift by Dr. B. Sugden, vector into the left ureter of six-week-old male Sprague
Dawley rats (Japan SLC, Inc., Hamamatsu, Japan) weigh-University of Wisconsin, WI, USA) [10], which contains
the origin of latent viral DNA replication (oriP) and ing approximately 150 g. They were anesthetized by an
intraperitoneal injection of pentobarbital (50 mg/kg) andtriplet repeat (717 bp)-deleted Epstein-Barr virus (EBV)
nuclear antigen 1 (EBNA-1) sequences, into the BgIII handled in a humane fashion in accordance with the
guidelines of the Animal committee of Osaka University.site of pcDNA3 (Invitrogen, San Diego, CA, USA) by
blunt-end ligation. This truncated EBNA-1 has already The left kidney and ureter were surgically exposed by
a midline incision, and a polyethylene (PE) 10 tubingbeen reported to give the most efficient replication of
oriP containing DNA [10]. Then, pEBAct-NlacF was (Beckton-Dickinson, Sparks, MD, USA) was inserted
into the left ureter and advanced in a retrograde manner.constructed as follows. First, another EBV replicon vector,
pEBAct, was constructed by replacing the cytomegalovi- The tip of the tubing was kept in the ureter, but did not
reach to the pelvis.rus (CMV) promoter of pEBc with the chicken b-actin
promoter derived from pAct-CAT [11]. The N-lacF frag- To examine the identification of the transfected cells,
the HVJ liposome suspension (300 mL), which containedment containing the SV40 nuclear transport signal at the
N terminus of the lacZ gene, which was derived from approximately 5 mg of FITC-labeled ODNs, was infused
slowly into the left kidney via ureteral tube with clampingpNlacF [12] (kindly provided by Dr. R. Palmiter, Univer-
sity of Washington, Seattle, WA, USA), was isolated, the left renal vein, and this preparation was allowed
to incubate for 10 minutes. During the procedure, theand then pEBAct-NlacF was constructed by inserting
the N-lacF fragment into the pEBAct vector under the pressure of the catheter was measured by catheter-conju-
gated pressure gauge (Daiichi Keiki Seisakusyo, Ltd.,chicken b-actin promoter.
Amagasaki, Japan). After incubation, the catheter was
Preparation of the hemagglutinating virus of removed, and the venous clamp was released. Thereaf-
Japan liposome ter, the kidneys were removed, and 4 mm-thick cryostat
sections of unfixed snap-frozen specimens were exam-The AVE-type HVJ liposome method was prepared as
described previously [8, 13, 14], with minor modifications. ined by fluorescence microscopy and photographed.
To investigate how the HVJ liposome is being deliv-Briefly, egg yolk phosphatidylcholine (ePC; Sigma, Tokyo,
Japan), dioleoylphosphatidylethanolamine (DOPE; NOF ered to interstitial area, 100 or 300 mL of India ink (sumi
in Japanese) was injected via a ureteral tube under theCorporation, Tsukuba, Japan), egg yolk sphingomyelin
(eSph; Sigma), bovine brain phosphatidylserine (bPS; same procedure as discussed previously in this article.
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Thereafter, the kidneys were perfused with 4% para- the N-lacF fragment containing nuclear transport signal,
which resulted in the specific and exclusive nuclear local-formaldehyde solution and were then removed. Tissues
for light microscopy were dehydrated through a graded ization of the protein, was inserted into the plasmid at
the N terminus of the LacZ gene, cells that expressedethanol series and embedded in paraffin. Histologic sec-
tions (2 mm) of kidneys were stained with hematoxylin b-galactosidase developed a deep indigo blue color in
the nuclear area.reagent.
To examine the efficiency of transgene expression,
pEBAct-NlacF-conjugated AVE-type HVJ liposome so-
RESULTS
lution was also transferred into rat kidneys retrogradely
Gene transfer into interstitial cellsthrough the ureter and was incubated for 10 minutes
while simultaneously clamping the renal vein. Ten min- We injected FITC-labeled ODNs into the left ureter
of normal rat retrogradely by means of the AVE-typeutes later, the clamp was removed, and the ureter was
occluded. The pEBAct-NlacF–transfected rats were sac- HVJ liposome method. During the incubation, the kid-
ney expanded with pyelic distention; however, the pres-rificed 7 and 14 days after transfection, and the kidneys
were examined by X-gal staining. sure of the catheter during the infusion procedure was
not so high (5 to 7 kPa). Ten minutes after transfection,
Immunofluorescence FITC-labeled ODNs already accumulated in the nuclei
of the interstitial cells diffusely in the transfected kidneysTo identify the cells where FITC-labeled ODN were
introduced, the FITC-labeled ODN-transfected kidneys (Fig. 1A).
Immunofluorescence staining with rhodamine-labeledwere stained with the antibody to rat type IV collagen (a
marker of tubular basement membrane; TBM; Quartett, antitype IV collagen antibodies confirmed that the FITC-
positive nuclei were localized outside of the tubular base-Berlin, Germany), the monoclonal antibody ER-TR7 (a
marker for fibroblasts; Biogenesis Ltd., New Fields, UK) ment membrane (Fig. 1B). No luminescence was seen
in TECs or glomerular cells. Transfected ODNs were[15], or the monoclonal antibody ED-1 (a marker for
interstitial macrophages; Serotec, Oxford, UK). Cryostat observed in the nuclei of interstitial fibroblasts, which
were identified by counterstaining with antibody ER-sections (4 mm slice) were incubated with a rabbit poly-
clonal IgG antitype IV collagen antibody, rat monoclonal TR7 against fibroblast (Fig. 1C) [15]. However, FITC-
labeled ODNs were not introduced into macrophages,antibody ER-TR7, or mouse monoclonal antibody ED-1,
followed by the incubation with rhodamine-conjugated which were stained with rhodamine-labeled monoclonal
antibody ED-1 (Fig. 1D). These results indicate that theantirabbit IgG (Chemicon International Inc., Temecula,
CA, USA), rhodamine-conjugated antirat IgG (Chemi- HVJ liposome-mediated gene transfer method enabled
us to introduce 15 base-long single-stranded ODNs intocon International Inc.), or rhodamine-conjugated anti-
mouse IgG (Chemicon International Inc.), respectively. resident interstitial fibroblasts, not macrophages.
Thus, transfected FITC-labeled ODNs were observed as
Delivery into interstitial areagreen fluorescence, and TBM, macrophages, and intersti-
tial fibroblasts were observed as red. The green fluores- To investigate how genes can be delivered into intersti-
tial area, India ink (100 or 300 mL) was infused. Whencence of FITC and the red fluorescence of rhodamine
were taken by photomicrograph on the same film by 100 mL of India ink was infused via ureteral tubing, the
ink was spread only in the medullary area (Fig. 2A).double exposure.
However, 300 mL of infusion resulted in the diffuse distri-
X-gal staining bution of India ink in the cortex (Fig. 2B). On the section,
India ink was distributed in the interstitial area, but wasThe pEBAct-NlacF–transfected rats were anesthe-
tized by an intraperitoneal injection of pentobarbital. not observed in the tubular lumen (Fig. 2C).
The kidneys were perfused with cold phosphate-buffered
Transduction in interstitial cellssaline (PBS), fixed with 1% glutaraldehyde in PBS at
48C for six hours, and immersed in cold PBS containing To examine the transduction efficiency of this gene
transfer method, the plasmid pEBActN-LacF was trans-30% sucrose overnight. The X-gal assay was performed
as follows [16]: Cryostat sections (4 mm slice) were fected by the HVJ liposome method, and X-gal assay
was performed. As previously reported [17], a longerwashed by PBS and then incubated at 378C for two hours
in an X-gal solution [PBS: 1 mg/mL X-gal, 5 mmol/L incubation with the X-gal solution allows endogenous
b-galactosidase activity in TECs to emerge. Therefore,K3Fe(CN)6, 5 mmol/L K4Fe(CN)6, 2 mmol/L MgCl2]. To
stop the enzymatic reaction, the sections were washed we employed pEBActN-LacF reporter genes to identify
the transfected cells, because the SV40 nuclear transportin water, counterstained with hematoxylin, dehydrated
with ethanol, and mounted. The sections were examined signal at the N terminus of the LacZ gene limits the
b-galactosidase protein localization in nucleus of trans-by light microscopy and were photographed. Because
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Fig. 1. Representative fluorescence photomicrographs of FITC-labeled oligodeoxynucleotide (ODN)-transfected kidneys. FITC-labeled phospho-
rothioate ODNs accumulated in the nuclei of interstitial cells 10 minutes after retrograde transfection via the ureter by the artificial viral envelope
(AVE)-type hemagglutinating virus of Japan (HVJ) liposome method (A). To examine the cellular localization of the transfected ODNs, rabbit
polyclonal antitype IV collagen antibodies and rhodamine-conjugated donkey antirabbit IgG were used to stain the basement membrane (B).
FITC (green)-positive nuclei were seen outside of the basement membrane (red). To identify the transduced cells, the monoclonal antibody ER-
TR7 (C) and ED-1 (D) were used. FITC-labeled ODNs were seen in the nuclei of the fibroblasts (C), but not coincident with macrophages (D).
b
duced cells. X-gal staining of pEBActN-LacF gene-trans- It remained unclear why FITC labeled ODN or the
fected kidneys revealed that the expression of the exoge- lacZ gene should be effectively introduced into intersti-
nous b-galactosidase gene was localized in the interstitial tial fibroblasts by the AVE-type HVJ liposome method.
cells. This expression of the lacZ gene was detected at It has been speculated that the AVE type HVJ liposome
least 14 days after transfection (Fig. 3). No X-gal– may reach fibroblast by slipping through either between
positive cells were observed in glomeruli, tubular cells, TECs or between papilla epithelial cells. The distribution
or vasculature. of retrogradely infused India ink suggests that HVJ lipo-
some solution enters into interstitial area by slipping
through between papilla epithelial cells and thereafterDISCUSSION
diffusely distributes to the cortical interstitial spaces.
In the present study, we developed a new strategy of During the incubation, the kidney expanded with pyelic
gene transfer to interstitial fibroblasts. AVE-type HVJ distention. Because the pressure of the catheter is ap-
liposome allowed rapid introduction of FITC-labeled proximately equivalent to the intrinsic renal pressure,
ODNs into the nuclei of interstitial fibroblasts. FITC- the intrinsic renal pressure during the infusion procedure
labeled ODNs were not seen in TECs or glomerular did not seem so high. However, the stress of a slight
cells. In addition, immunofluorescence staining with the
increase in intrinsic renal pressure or pyelic pressure
monoclonal antibody ER-TR7 and ED-1 revealed that
might induce the breakthrough between papilla epithe-the transfected cells were identified as resident intersti-
lial cells. India ink was observed in the cortical interstitialtial fibroblasts, not macrophages. When the plasmid
area; however, the interstitial cells were not stained withpEBActN-LacF was transferred with the AVE-type HVJ
India ink. These observations suggest that the HVJ lipo-liposome method, gene expression was sustained in the
some can contact cortical interstitial cells, and then geneinterstitial area for at least 14 days after transfection.
transfer can occur by means of fusion activity of HVJ.While many attempts have been made to transfer
Therefore, we assume that the key to our successful genegenes to interstitial cells, only two strategies have been
transfer to interstitial fibroblasts lies on the use of thereported previously: in vivo transfection using the adeno-
AVE-type HVJ liposome method, especially followingviral vector and ex vivo transfection to the subcapsular.
two points: (1) the use of anionic liposomes and (2) theIn vivo transfection to the interstitial cells was reported
fusogenic activity of HVJ.by Zhu et al [18]. However, they showed gene expression
Plasma membranes of animal cells are known to con-mainly in the vasculature, arterial blood vessels, and
tain phosphatidylcholine, phosphatidylethanolamine, andperiglomerular and peritubular capillaries. As an ex vivo
sphingomyelin in the similar molar ratio, and the lipo-approach, the implantation of genetically modified TECs
somes containing these three neutral phospholipids mayinto the subcapsular region has been reported [19, 20].
facilitate their fusion with the plasma membrane. TheThe transferred gene maintained its expression for at
cationic HVJ liposomes (ePC:DC-cholesterol:Chol 5least four weeks. However, the transplanted TEC re-
5:1:5 in molar ratio) were shown to efficiently facilitatemained under the renal capsule and did not migrate to
trapping DNA inside them, their fusion with HVJ, andthe interstitial area. Each method has many advantages,
gene expression in cultured cell in vitro. However, cat-but a number of problems must be resolved for gene
ionic HVJ liposomes showed a much lower transductiontransfer targeting interstitial fibroblasts. However, the
efficiency in vivo compared with anionic HVJ lipsomesAVE-type HVJ liposome-mediated retrograde gene
[21]. Cationic HVJ liposomes seem to fuse efficientlytransfer enabled us to introduce specific genes into in
vivo interstitial fibroblasts. with monolayered cells, but are thought to be trapped
b
Fig. 2. Delivery into interstitial area. The representative appearances of kidneys show that 100 mL of infusion (A) resulted in the medulla-limited
India-ink distribution; however, 300 mL of infusion (B) induced diffuse distribution in the cortex. India ink was scattered in the interstitial area,
but not in the tubular lumen (C).
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Fig. 3. b-galactosidase activity in interstitial cells. HVJ-liposomes containing the pEBAct-NlacF gene were introduced into the kidney retrogradely
via the ureter. Seven (A) and 14 (B) days after transfection, nuclear localized blue stain was dominantly observed in the interstitial cells by X-gal
staining (arrowheads).
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by the extracellular matrix and hardly reach to the target structed kidneys, a greatly expanded interstitium with
marked cell proliferation was observed on days 7 andcells in vivo. For in vivo gene transfer, the AVE-type
HVJ liposome-mediated gene transfer method, which 14. The number of X-gal–positive interstitial fibroblasts
seem to be increased compared with FITC-positive fi-has a virus-mimicking lipid composition that is similar
to the envelope of the human immunodeficiency virus, broblasts, suggesting that transfected fibroblasts prolifer-
ated and that EBV replicon vectors might be deliveredshowed a transduction efficiency of up to 10 times higher
in vivo than the conventional phosphatidylserine (PS)- to daughter cells after cell division. The pathological
changes or increased infiltrated cells were not observedtype anionic HVJ liposome method (ePS:bPS:Chol 5
5:1:4 in molar ratio) [21]. The strong net negative charge in the transfected kidneys one day after transfection
(data not shown), suggesting that interstitial damage wasof the anionic HVJ liposome seems to decrease the asso-
ciation with plasma membranes of cultured cells in vitro, not due to the effect of HVJ liposome solution, but due
to the ureteral obstruction. Therefore, the coupling ofbut could facilitate effective transfection by escaping
from negatively charged macromolecules around the the EBV replicon vector with HVJ liposome appears to
be a harmless and stable gene transfer system targetingcells. It may enable their transportation into the intersti-
tial space through the gap mainly between papilla epithe- interstitial fibroblasts.
In conclusion, we demonstrated that the AVE typelial cells, thereby reaching interstitial spaces.
It is still obscure why interstitial fibroblasts, but not HVJ liposome method enabled us to transfer genes into
the interstitium and that this method was advantageousepithelial cells, were selectively transfected. We already
reported that the HVJ liposome-mediated gene transfer in its specificity of gene delivery and in its effectiveness
of gene expression. This new strategy of gene transfermethod via the renal artery could selectively target glo-
meruli, and that FITC-labeled ODN were introduced to the interstitial cells could be a powerful tool for the
molecular investigation of renal diseases in the intersti-into mesangial cells, not endothelial cells. Epithelial cells
and endothelial cells were kept in contact with HVJ tial compartment. Furthermore, it may be a promising
new therapeutic method for the progression of intersti-liposome solution by gene transfer via ureter and via
renal artery, respectively. However, our observation sug- tial fibrosis.
gests that HVJ liposome could efficiently fuse with nei-
ther epithelial cells nor endothelial cells. HVJ has HN ACKNOWLEDGMENTS
and F glycoproteins on its envelope. HN binds with a This work was supported by grants from Grant in Aid for Scientific
Research (B), Grant in Aid of Minister of Health and Welfare, theglycol-type sialic acid receptor and degrades the receptor
Japan Health Sciences Foundation, Takeda Medical research Founda-by its own neuraminidase activity. F glycoprotein is
tion, and the Baxter’s Extramural Grant Program.
cleaved to generate hydrophobic fusion peptide by some
proteases, and the activated F can interact directly with Reprint requests to Dr. Yoshitaka Isaka, Department of Internal
Medicine and Therapeutics, Osaka University Graduate School of Medi-the lipid bilayer and induce fusion [22]. Gene transfer
cine, Suita 565-0871, Japan.targeting interstitial fibroblasts might be explained by E-mail: kidney@medone.med.osaka-u.ac.jp
the possibility that glycol-type sialic acids, the receptors
for HVJ, are abundant in fibroblasts, but few in endothe- REFERENCES
lial or epithelial cells. However, the precise mechanism
1. Schainuck LI, Striker GE, Cutler RE, Benditt EP: Structural-of selective introduction into interstitial fibroblasts is still functional correlations in renal disease. II. The correlations. Hum
obscure and remains to be elucidated. Pathol 1:631–641, 1970
2. Bohle A, Glomb D, Grund K, Mackensen S: Correlations be-In this study, we employed pEBActN-LacF expression
tween relative interstitial, of the renal cortex and serum creatininevector. An EBV replicon-based plasmid, pEB, con- concentration in minimal changes with nephritic syndrome and in
taining oriP and EBNA-1, has advantages in high focal sclerosing glomerulonephritis. Virchows Arch 376:221–232,
1977transgene expression. The association of the oriP se-
3. Bohle A, Grund K, Mackensen S, Tolon M: Correlations be-quence with the nuclear matrix could mediate the nu- tween renal interstitium and level of serum creatinine: Morphomet-
clear retention and consequently stable transgene ex- ric investigations of biopsies in perimembranous glomerulonephri-
tis. Virchows Arch 373:15–22, 1977pression. The latent infection of EBV was shown to be
4. Mackensen S, Grund KE, Sindjic M, Bohle A: Influence of themediated by the mechanism that the Gly-Ala repeat
renal cortical interstitium on the serum creatinine concentration
domain of EBNA1 could inhibit the presentation of ma- and serum creatinine clearance in different chronic sclerosing inter-
stitial nephritides. Nephron 24:30–34, 1979jor histocompatibility complex (MHC) class I restricted
5. Risdon RA, Sloper JC, De Wardener HE: Relationship betweencytotoxic T-cell epitopes by inhibiting antigen processing
renal function and histologic changes found in renal-biopsy speci-
via the ubiquitin/proteasome pathway [23]. In addition, mens from patients with persistent glomerulonephritis. Lancet
2:363–366, 1968EBNA-1 could activate the viral gene transcription. By
6. Schainuck L, Stricker G, Cutler R, Benditt E: Structural-func-these mechanisms, the EBV replicon apparatus could
tional correlations in renal disease. II. The correlations. Hum Pa-
prolong the transgene expression. After we introduced thol 1:631–641, 1970
7. Alpers C, Hudkins K, Floege J, Johnson R: Human renal corticalthe pEBActN-LacF expression vector into ureteral ob-
Tsujie et al: Gene transfer targeting interstitium1980
interstitial cells with some features of smooth muscle cells partici- cells show phenotypic changes and have reduced potential for
erythropoietin gene expression. Kidney Int 52:715–724, 1997pate in tubulointerstitial and crescentic glomerular injury. J Am
16. Lanford RE, White RG, Dunham RG, Kanda P: Effect of basicSoc Nephrol 5:201–210, 1994
and nonbasic amino acid substitutions on transport induced by8. Isaka Y, Fujiwara Y, Ueda N, Kaneda Y, Kamada T, Imai E:
simian virus 40 T-antigen synthetic peptide nuclear transport sig-Glomerulosclerosis induced by in vivo transfection of transforming
nals. Mol Cell Biol 8:2722–2729, 1988growth factor-b or platelet-derived growth factor gene into the rat
17. Kitamura M, Taylor S, Unwin R, Burton S, Shimizu F, Finekidney. J Clin Invest 92:2597–2601, 1993
LG: Gene transfer into the rat renal glomerulus via a mesangial cell9. Akagi Y, Isaka Y, Arai M, Kaneko T, Takenaka M, Moriyama vector: Site-specific delivery, in situ amplification, and sustained
T, Kaneda Y, Ando A, Orita Y, Kamada T, Ueda N, Imai E: expression of an exogenous gene in vivo. J Clin Invest 94:497–505,
Inhibition of TGF-b1 expression by antisense oligonucleotides sup- 1994
pressed extracellular matrix accumulation in experimental glomer- 18. Zhu G, Nicolson A, Cowley B, Rosen S, Sukhatme V: In vivo
ulonephritis. Kidney Int 50:148–155, 1996 adenovirus-mediated gene transfer into normal and cystic rat kid-
10. Yates JL, Warren N, Sugden B: Stable replication of plasmids neys. Gene Ther 3:298–304, 1996
derived from Epstein-Barr virus in various mammalian cells. Na- 19. Kelly V, Moore K: Application of a gene transfer strategy to
ture 313:812–815, 1985 identify molecules that incite autoimmune kidney injury. Exp
Nephrol 5:144–151, 199711. Fregien N, Davidson N: Activating elements in the promoter
20. Naito T, Yokoyama H, Moore KJ, Dranoff G, Mulligan RC,region of the chicken b-actin gene. Gene 48:1–11, 1986
Kelley VR: Macrophage growth factors introduced into the kidney12. Mercer EH, Hoyle GW, Kapur RP, Brinster RL, Palmiter RD:
initiate renal injury. Mol Med 2:297–312, 1996The dopamine beta-hydroxylase gene promoter directs expression
21. Saeki Y, Matsumoto N, Nakano Y, Mori M, Awai K, Kanedaof E. coli lacZ to sympathetic and other neurons in adult transgenic
Y: Development and characterization of cationic liposomes conju-mice. Neuron 7:703–716, 1991
gated with HVJ (Sendai virus): Reciprocal effect of cationic lipid13. Kaneda Y, Iwai K, Uchida T: Increased expression of DNA
for in vitro and in vivo gene transfer. Hum Gene Ther 8:2133–2141,cointroduced with nuclear protein in adult rat liver. Science 1997
243:375–378, 1989 22. Isaka Y, Akagi Y, Kaneda Y, Imai E: The HVJ liposome method.
14. Kato K, Kaneda Y, Sakurai M, Nakanishi M, Okada Y: Direct Exp Nephrol 6:144–147, 1998
injection of hepatitis B virus DNA into liver induced hepatitis in 23. Levitskaya J, Sharipo A, Leonchiks A, Ciechanover A, Masucci
adult rats. J Biol Chem 266:22071–22074, 1991 MG: Inhibition of ubiquitin/proteasome-dependent protein degra-
15. Maxwell PH, Ferguson DJ, Nicholls LG, Johnson MH, Rat- dation by the Gly-Ala repeat domain of the Epstein-Barr virus
nuclear antigen 1. Proc Natl Acad Sci USA 94:12616–12621, 1997cliffe PJ: The interstitial response to renal injury: Fibroblast-like
